Radiation dermatitis is one of the commonest side effects of ionizing radiation which is applied in radiotherapy of carcinoma of all localizations, most frequently of tumors of breast, head and neck region, lungs and soft tissue sarcomas. It usually occurs as a complication of breast radiotherapy and thus it is more often recorded in female patients on the skin in the region of breast subjected to radiation. Clinical manifestations of radiation dermatitis can be divided into four phases: acute phase (erythema, dry desquamation, moist desquamation, ulceration and necrosis with resulting re-epithelialization, residual post-inflammatory hyperpigmentation, reduction and suppression of sebaceous and sweat glands and epilation); subacute phase (hyperpigmentation and hypopigmentation, telangiectasia, skin atrophy, even ulceration); chronic phase (skin atrophy, dermal fibrosis and permanent skin epilation) and late phase (increased risk of skin cancer). In order to prevent radiation dermatitis, skin care products should be applied throughout radiotherapy that will decrease the frequency of skin reactions or block them and thus improve life quality. Although the therapy includes not only topical corticosteroids but numerous other products with active ingredients such as aloe vera, calendula, hyaluronic acid, sucralfat, sorbolene, mineral and olive oil, honey, vitamin C, zinc, antimicrobials and silver, common therapeutic consensus has not been reached on their application in radiation dermatitis. Therefore, the treatment should be conducted according to the basic guidelines but tailor-made for each individual patient.
Introduction
Radiotherapy is a mode of treating tumor by using ionizing radiation, i.e. high energy radiation of affected tissue. Any radiation that is in interaction with a substance through which it penetrates either directly or indirectly and performs ionization of its atoms and molecule is ionizing radiation. Ionizing radiation has both direct and indirect effects on a living matter. It is implemented by high energy x and gamma photons, electrons, heavy ions (carbon ion), Pi mesons, protons and neutrons. A standard-fractionated radiotherapy is implemented in doses of 40 to 50 Gy, 5 days a week for 5 to 6 weeks. Radiotherapy should be started 6 to 8 weeks after the completion of the previous mode of treatment. About 95% of patients undergoing radiotherapy experience some of its complications, which are a major therapeutic problem and interfere with life quality of patients (1, 2) . Radiotherapy side effects can be divided into early or acute complications, which occur during the first six months from the beginning of radiation and they are usually reversible, and late complications, which occur from 6 months to several years and they are often irreversible. Complications are directly proportional to the applied dose, type of radiation and regimen of exposure, but they also depend on other factors as well (3, 4) .
Radiation dermatitis is one of the commonest side effects of ionizing radiation which is applied in radiotherapy of carcinoma of all localizations, most frequently of tumors of breast, head and neck region, lungs and soft
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Radiodermatitis -review of treatment options tissue sarcomas (1, 5, 6) . The incidence and severity of RD depend on several factors, characteristics of patients, mode and duration of treatment. The incidence of severe RD can be significantly decreased by applying megavoltage radiation and conformal radiotherapy.
Radiation dermatitis results from a high dosage of ionizing radiation of the skin during radiotherapy treatment of the above-mentioned tumors.
Radiation dermatitis most frequently occurs as a complication of breast radiotherapy and it is therefore most commonly found in female patients on the skin of breast subjected to radiation (2).
Factors Effecting Skin Damage Degree
The degree of skin damage depends on two main groups of factors: physical properties of the applied radiation on one side and the characteristics of the patients undergoing radiotherapy on the other.
Type and dose of ionizing radiation: megavoltage high energy linear accelerators enable the delivery of the maximum radiation dose under the skin surface, thus the skin can be protected better when such types of radiation are applied. Orthovoltage and kilovoltage linear accelerators produce ionizing radiation of lower penetrability, thus the doses on the skin are higher and therefore more severe damage can be expected with the increased dose of ionizing radiation and due to longer exposure to ionizing radiation (higher number of fractions) or higher individual dose in one fraction (7) .
Size of radiation field and site of irradiation: the larger the field of exposure to ionizing radiation the higher is the possibility of damaging the skin, particularly in the regions of irregular surface (folds, joints, point of contact of two surfaces), where it is impossible to achieve a homogenous distribution of the dose but "hot spots" occur (7) .
Fractionation regimen: radiation therapy can be implemented by the standard fractionation (daily dose on every working day at a dose of 1.8-2 Gy) or as hypofractionated radiotherapy (daily doses over 2Gy) or in several daily fractions (hyperfractionated radiotherapy). Hypofractionated regimens are particularly recommended when toxic effects of ionizing radiation are expected because a dose less than 1.8Gy per a fraction is then given and healthy cells can repair themselves in the period between two fractions (7) (8) (9) .
Skin integrity damaged before the beginning of radiation: due to previous radiotherapy of the same region, connective tissue disease, eczema, psoriasis, colagenoses, postoperative scar (10) .
Skin type: Individuals having Fitzpatrick skin type I and II are more prone to radiation damage (11) . They have fair complexion, fair hair and blue or green eyes. includes six types of skin and it determines the skin reaction to UV radiation. The scale is constantly developed to predict the skin reaction to trauma and some dermatological procedures -lasers and dermato-surgery, i.e. its ability to tan.
Smoking: due to the damaged tissue oxygenation and increased level of carboxyhemoglobin (2, 12, 13) .
Nutritional status: due to the damaged mechanism of skin reparation (2) Age: children are more sensitive Comorbidities: (chronic renal insufficiency, diabetes, obesity, hormone disorders): due to disturbed metabolism and accumulation of toxic substances (urea, creatinine, uric acid, glucose) as well as disturbed distribution of water in the organism.
Clinical Picture
Radiation dermatitis has its phases in changes successively taking place in the skin. Thus, the clinical picture of RD can be divided into four phase (3):
Acute phase happening at the beginning of radiation up to 6 months after the exposure to radiation. The following side effects are the most frequent consequences of skin irradiation: erythema, dry desquamation, moist desquamation, ulceration and necrosis with the consequent re-epithelialization, residual post-inflammatory hyperpigmentation, reduction and suppression of sebaceous and sweat glands and epilation.
Erythema is the earliest change happening during even the first week of radiation at the dose of 2Gy. Real erythema develops within 3-4 weeks as a consequence of obliteration of arterioles. Clinically, the skin is erythematous, edematous, and warm and the subjective feeling is that the skin is tight and painful.
Dry desquamation most frequently develops as a result of reduction in the germinative layer of epidermis in the second week of radiation therapy. Destroyed cells are replaced by division of survived cells in the epidermis within 2-4 weeks. One of the clinical manifestations is skin desquamation and itching.
Moist desquamation results from further increase in doses or in case of excessive doses with the already present complications from the early phase such as erythema and dry desquamation. Moist desquamation develops as a consequence of the damaged basal layer, damaged vascular elements resulting in the denuded dermis so that the fluid is diffused from the dermal capillaries onto the surface.
Ulceration and necrosis rarely develop, and if they do, they result from re-irradiation usually 6 weeks or 2 months after radiation if vascular elements and connective tissue are damaged or if an infection has developed.
Re-epithelialization develops within 6 to 8 weeks by merging of healthy cell islets. The tissue recovery is a result of stimulation of homeostatic mechanisms and it starts with the cell migration from the edges of radiation field and cell differentiation from the basal layer.
Skin pigmentation occurs most frequently 2 to 3 weeks after the beginning of radiation at doses of 12-20Gy, with the resulting production of melanin in melanocytes.
Reduction and suppression of sebaceous and eccrine glands are one of early complications of radiotherapy and result in skin dryness, fissures on the skin and increased possibility of developing infection and skin necrosis.
Epilation caused by radiation is a result of high sensitivity of anagen follicles to radiation. Loss of dystrophic hairs (anagen effluvium) caused by acute damage of active separation of matrix cell of anagen follicle is followed by telogenic withdrawal due to early transition of follicles into late anagen (14) . 3Gy produces complete, reversible anagen alopecia; permanent alopecia begins at 5Gy (14) . Complete regeneration of hair mostly begins 2 to 4 months after radiation in the reversible type of alopecia induced by radiation.
Evaluation of early skin reactions to radiotherapy can be done by a validated tool, and the most frequently used validated scale is the one created by the Radiotherapy Oncology Group (RTOG) (15) ( Table 1) :
Before radiotherapy is started, it is necessary to estimate the current condition of patients' skin and continue to follow up skin changes in the patients during radiotherapy at least once a week in order to prevent and reduce unwanted reactions of radiotherapy on the skin (16, 17) .
Subacute phase commences in the period from 6 months to a year after the completion of radiotherapy when hyperpigmentation and hypopigmentation, telangiectasia, skin atrophy occur and even ulcerations are possible on the spots of skin re-epithelialization.
Chronic phase commences in the period from a year to 5 years after the completion of radiotherapy. The most common manifestations are skin atrophy, dermal fibrosis (damaged fibroblast , increased production of collagen in dermis), telangiectasias (damaged blood vessels, ischemia and necrosis of small blood vessels) and permanent skin epilation.
Late phase begins 5 years after radiation. The radiated skin regions are at higher risk of developing skin cancer (3, 18) .
Various pathogenetic mechanisms of development of secondary carcinoma after radiotherapy have been described (4) . Ionizing radiation leads to disruption of one of DNA chains, which can be converted into disruption of both DNA chains. Disruption of both DNA chains leads to mutation in genes, which results in malignant transformation of irradiated cell. Proteins synthesized during incorrect DNA reparation can also lead to the predisposition of development of malignant neoplasm. Cancerogenic potential of ionizing radiation is particularly increased when doses of and exceeding 45G are applied. Bystander effect implies development of secondary malignancies in a region away from the primary tumor as a result of systemic effect of cytokines which are released during radiotherapy (19) . After the initial dose of X-radiation, a certain percentage of DNA chain basal cells is damaged, and other cells receive a signal for mitosis in order to compensate for damage, they mature faster, which leads to a disorder in the balance between epidermopoiesis of basal cells and necrosis of cells with damaged DNA. When radiation treatment is continued, apoptosis of basal cells continues; inflammatory response with secretion of histamine and serotonin is stimulated as well as vascular response with capillary dilation and extracapillary damage of monocytes.
Prevention of Radiation Dermatitis
Before radiotherapy is started, the effect of various factors influencing the development of skin reactions during radiotherapy should be considered. These factors can be internal -age, diabetes, hormone status, obesity, smoking habit (patients should be advised about diet and to stop smoking) and external, which are associated only with radiation, adjuvant chemotherapy and target therapy (13, 20, 21) . An important aspect during radiother- apy is the application of skin care products, which should reduce or prevent the frequency of skin reactions and improve life quality of patients undergoing radiotherapy (22, 23) .
Recommendations regarding skin care in patients undergoing radiotherapy are different because of the insufficient number of clinical studies whose results would corroborate or reject the application of any topical preparation. Gosselini et al. believe that skin care should be directed to alleviation of symptoms (pain in the first place) and achievement of the feeling of comfort, i.e. maintenance of life quality of patients. It is important to include a psychologist in treatment of oncologic patient because it is known that patients prefer to undertake "an action" than do nothing (24) . Recommendations given in more recent studies are contrary to traditional ones stating that the skin should not be washed and deodorants should not be used, which would affect life quality of patients in a way that they would worry about their body odor (25) (26) (27) (28) (29) .
Nowadays it is recommended to wash the irradiated field with tepid water and mild Ph neutral or non-alkaline soap as a routine skin care procedure of patients during radiotherapy. It has been concluded that limitations in body washing and hair shampooing may affect social health of the patients (30) (31) (32) .
According to the evaluations of skin condition done by RTOG assessors during and after radiotherapy, the patients who used water and soap to wash themselves were found to have reduced itching, erythema and desquamation at the end of treatment (33, 34) . Aqueous cream can also be used instead of soap (British National Forum). After washing, the skin must be dried gently, a rough towel must not be used to avoid skin irritation (35) (36) (37) . The skin must not be warmed or cooled, exposed to wind. Rubbing should be avoided; razors should not be used for shaving nor should wax be used for hair removal (24, 38) . Hair is to be washed with usual shampoo, but it should not be dried with a hair-dryer beSerbian Journal of Dermatology and Venereology 2018; 10 (3): 71-81 Table 2 . Therapy of Radiation Dermatitis Therapeutic options of radiation dermatitis -water and mild Ph neutral or non-alkaline soap -aqueous cream -deodorants -non steroid topical therapy: lotions, creams, ointments, dressings, barrier films with active ingredients including aloe vera, calendula, hyaluronic acid, sucralfate, sorbolene, mineral and olive oil, honey, vitamin C, zinc, -topical steroid therapy -antimicrobials agents, including silver sulfadiazine -hydrophilic dressings -semipermeable dressings or hydrogels -surgery -sunscreens cause of irritation and drying of the skin if the head region is being irradiated (35, 39) . The patients are not allowed to use deodorants unless the skin is intact (25) (26) (27) (28) 37) . They are advised to wear comfortable clothes made from natural fibers, such as cotton Tshirts (24) . They should apply sunscreens on the photoexposed skin (the skin must not be exposed to direct solar radiation) and wear wide brim hats (40) .
In 2014 Chan et al. made a systematic review of literature including 47 randomized controlled trials within a meta-analysis aimed at determining the effect of systemic and local therapy (skin washing, use of deodorants, steroids, non-steroid local therapy and dressing) in treatment of RD in the period from 1962 to 2012. Six of these trials examined oral systemic therapy; 2 trials compared the condition of skin washed and not washed during radiation therapy; 4 trials dealt with the use of deodorants; 5 and 23 trials examined the application of topical steroid therapy and nonsteroid topical therapy, respectively and 6 trials examined dressings. Out of 47 RCT, 36 trials were assessed as having a high level of risk of bias, 10 trials had an undefined risk and one had a low risk of bias.
The absence of consensus regarding the issue of standard skin care of patients undergoing radiotherapy results from non-standardized methodology of choice, follow-up and evaluation of examined parameters (41) . However, common consensus on guidelines may be reached in two fields: 1) aqueous cream as a substitution of soap, but it should not be used as an additional moisturizer, i.e. it cannot replace moisturizing creams (emollient creams); 2) deodorants -there is no proof based on the evaluation of toxicity, life quality and symptoms done by RTGO which would corroborate the practice of avoiding the application of deodorant 1 to 4 hours before radiotherapy (42) . They are now commonly believed not to have a negative effect as it used to be thought before (27) . Although the results of studies performed so far suggest that there was no difference between metallic and nonmetallic deodorants and that skin reactions occur as a consequence of irritating chemical ingredients of the product but not as a consequence of radiation, increased surface of radiation or bolus effect, the application of deodorants with aluminum must be further researched (28) .
Topical therapeutics
In addition to corticosteroids a lot of products such as lotions, creams, ointments, dressings, barrier films with active ingredients including aloe vera, calendula, hyaluronic acid, sucralfate, sorbolene, mineral and olive oil, honey, vitamin C, zinc, antimicrobials and silver have been recommended; however, there is no common consensus on their use (Table 2) .
Although the results of numerous studies suggest that aqueous cream applied to prevent development of erythema does not have any effects (24) , the Society and College of Radiographers (SCoR) have published data which state that in 65% of departments performing radiotherapy aqueous cream is recommended and used to alleviate erythema, reduce the feeling of skin dryness, increase moisturizing of the skin and achieve higher satisfaction of patients (43) . Aloe vera is also recommended to be used to alleviate erythema in 11% of departments performing radiotherapy but there is no consensus on its application either (17, 44, 45) . However, when higher cumulative doses of radiation therapy, exceeding 27Gy are given, administration of aloe vera gel has yielded some protective effects from unwanted reactions, which is due to its anti-inflammatory and anti-bacterial effect (46) . Calendula officinalis cream has been categorized as a "probably efficient" cream by Oncology Nursing Society (ONS) according to the putting evidence into practice analysis (47, 48) .
Hyaluronic acid is a polymer that stimulates fibroblasts and simultaneously neutralizes free oxygen radicals; in the form of 0.2% hyaluronic acid cream, it can accelerate the phase of granulation in radiation ulceration healing (49, 50) . The results of studies done by Leonardi et al. and Primavera et al. have shown that there is a considerably reduced intensity and duration of unwanted reactions, erythema on the skin and subjective feeling in the patients who used hyaluronic acid as compared with the placebo group (51, 52) .
Enhanced migration of keratinocytes into the wound region, faster replication of these cells and faster epithelialization were deter-mined by examining the influence of low molecular fraction of hemodialysate on wound healing after radiation therapy (53, 54) .
According to SCoR data, hydrocortisone is used locally in 10% of departments performing radiotherapy to treat dry desquamation, that being in accordance with guidelines published by the College of Radiographer, 2000 and those of the Multinational Association for Skin Care of Patients treated with radiotherapy (27) . Corticosteroids are often prescribed to prevent and treat RD due to their anti-inflammatory effects. However, the results of studies which compared the effects of prophylactic application of 0.2% hydrocortisone cream and placebo in management of post-irradiation reactions of skin are contradictory (55) (56) (57) (58) (59) (60) (61) . The results of double blind randomized study on the prophylactic use of mometasone fuorate (MMF) or emollient cream in prevention of acute complications of radiotherapy on the skin of women with breast cancer have shown that the degree of erythema and pigmentation in the patients who had used emollient cream was considerably higher compared with the patients who had used MMF (58, 62) .
Prophylactic use of sucralfate, which is a stimulator of cell growth in the form of cream, has not resulted in the expected reduction of intensity of erythemic radiation reactions in the skin, contrary to the anti-inflammatory effect exerted by sucralfate on experimental animals (63) .
Barrier films are skin protectors that physically prevent the loss of skin moisture and reduce skin trauma and thus decrease skin damage caused by radiation. They have been proved efficient in treatment of moist desquamation of radiodermatitis (44, 64) .
Antimicrobial agents, including silver sulfadiazine, should not be used for prophylaxis but only to treat infections, taking advantage of sulfadiazine ability to reach a high concentration locally on the skin with minimal systemic absorption (65) .
Hydrophilic dressings
Hydrophilic dressings are dressings which could be partially permeable in the form of hydrocolloid or gel. Dressings mske wound re-epithelialization faster by promoting migration of epithelial cells. The most frequently cited study estimated the effect of moisture vapor permeable (MVP) dressing, i.e. dressings which permit evaporation and retain moisture in the treatment of RD in the phase of moist and dry desquamation. The comparison of effects of MVP dressings and hydrophilic lanolin dressings has shown that MVP dressings are superior (66) .
It is well known that silver dressings have good effects in treatment of venous ulcers, burns, chronic wounds with secondary bacterial infection. fVong et al. compared silver sulfadiazine cream with silver leaf nylon dressings. Their study has underlined the benefit of anti-bacterial dressings, which have been proved to have good therapeutic effects in the patients with neoplasm of the anal and genital region whose perineum skin has also been affected by radiotherapy. The dressings have considerably reduced development of grade 3 skin reactions whereas grade 4 skin reactions did not develop (67) .
Therapeutic Guidelines
The patients are advised to use moisturizing, emollient creams, free of sodium lauryl sulphate to reduce skin irritation during radiotherapy (68, 69) . These recommendations are also given for therapeutic and preventive reasons to the patients having RD grade 1 and 2 (according to RTOG scale), i.e. erythema, edema, and dry desquamation.
Administration of calendula cream and certain formulations of creams with hyaluronic acid is recommended to reduce the incidence of moist desquamation in grade 3 and barrier films are recommended for treatment.
If a bigger skin area is denuded in grade 3, toilet of skin changes is necessary with hydrophilic, hydrocolloid, semipermeable dressings or hydrogels, which should be changed several times a day. Topical corticosteroids are also useful as well as silver dressings in prevention of bacterial infections.
In case of increased risk or justified suspicion of development of secondary bacterial infection, sulfadiazine cream can be applied until biogram and antibiogram are made. Topical antibiotics should be avoided unless the wound smear has been taken and bacterial infection proved (70, 71) .
If skin changes aggravate, ulcers are formed and bleeding and/or intense pains occur in grade 4, a surgeon must be consulted.
Conclusion
Skin reactions to radiation therapy can be severe, grave, disturbing and unpleasant; therefore, treatment and prevention of skin reactions must be approached seriously, and the pre-condition is to make the timely and accurate diagnosis. Treatment must be conducted according to the basic guidelines but tailor-made for each individual because of multifactor causes of development of radiation dermatitis (72) .
Abbreviatioins
RD -radiation dermatitis RTOG -Radio Therapy Oncology Group SCoR -Society and College of Radiographers ONS -Oncology Nursing Society MMF -mometasone fuorate
